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We have further developed our rapid cell analyzer and sorter, so that we can now identify and separate functionally distinct groups of viable cells that have, or can be made to have, either different fluorescence intensities, different light-scattering character- 
Materials and Methods

Instrument Description
A simplified block diagram of the present unit is shown in Figure  1 . their original course. To ensure that the droplet containing a desired cell is charged-and thus deflected -the charging pulse lasts for three droplet periods, centered on the time the cell is expected to enter a droplet. The charging pulses are synchronized with the ultrasonic droplet generator so as to ensure that all drops formed are equally charged. Further details of basic instrument operation can be found in the article by Bonner et al. (1) .
Modes of Operation
Most present separations involve use of both scatter and fluorescent signals. A lower scatter threshold is set at a signal level corresponding to the size of the smallest cells desired. An upper scatter threshold can also be set. Corresponding thresholds are set for the fluorescent signal channel. Unless a signal within the recognized scatter limits is received, no drops will be deflected in either direction. If only a scatter signal of correct magnitude is received, the appropriate string of three droplets is deflected in one direction (D1). If both scatter and fluorescent signals are received the droplets are deflected in the opposite direction (D2). If a second particle with different fluorescent or scatter classification than the first one passes through the beam within 75 js (3 droplet periods), the deflection circuits are disabled during the time the deflection pulses would overlap, and any droplets generated during this time will not be deflected.
When this procedure is used, the D2 fraction will consist almost exclusively of fluorescent cells and the D1 fraction almost exclusively of nonfluorescent cells in the appropriate size range. The undeflected fraction will consist of droplets for which no charging pulse was generated, either because they contained no cells of appropriate characteristics or because there was a high probability that they contained both D1 and D2 cells.
This mode is not used with concentrated samples containing a relatively low proportion of fluorescent (D2) cells, because much of the time under these conditions the train of droplets containing the fluorescent cell will also contain a second nonfluorescent cell, and the D2 deflection circuits will be disabled. Often such samples are run through the separator with only the fluorescence channel providing deflection signals. This initial pass provides a suspension enriched in the desired cells by factors of 10 to 50, depending on initial proportions and separation parameters.
A second pass with the usual mode will then provide the desired high purity.
Even dual passes seem to have little effect on cell viability, which usually is in the 80-90% range both before and after passing through the instrument, as determined by trypan blue dye-exclusion tests. 
Separation of Doubly-Labeled Cells
A second fluorescent channel was provided to make possible simultaneous separation of different fluors excited by the same input radiation. However, we have found in the separations we have actually made-involving cells tagged with fluorescein and (or) with tetramethyl rhodamine (TMR)-that we can get a more distinct separation if we use different exciting wavelengths and stain the cells sequentially. We find the optimum procedure to be an initial stain with TMR followed by a separation with use of a 514-nm laser line. The separated fractions can then be tagged with a different molecule that carries fluorescein, and run through the sorter, with use of a 488-nm laser line and a barrier filter that passes
Results and Discussion
Sample Purity and Enrichment Figure 3 shows these ratios as a function of the number of molecules bound per cell.
As shown in Figure 3 , a few thousand molecules of either fluorescein
or TMR on a cell should be detectable. When it is considered that several molecules of fluor can be conjugated with each protein molecule, and that a further amplification factor can be obtained by using "sandwich" immunofluorescence techniques, it appears that cells with a few hundred active sites on their surface may be separable under ideal conditions by using this equipment. Preliminary experiments in which we used cells reacting with radioactive T, G, A-L, a synthetic protein, and then with a fluoresceinated anti-T, G, A-L, #{235}onfirm this number. 
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